Spray drying ternary amorphous solid dispersions of ibuprofen - An investigation into critical formulation and processing parameters.
A design of experiment (DoE) approach was used to investigate the critical formulation and processing parameters in spray drying ternary amorphous solid dispersions (ASDs) of ibuprofen. A range of 16 formulations of ibuprofen, HPMCP-HP55 and Kollidon VA 64 were spray dried. Statistical analysis revealed the interrelation of various spray drying process conditions and formulation factors, namely solution feed rate, inlet temperature, Active Pharmaceutical Ingredient (API)/excipients ratio and dichloromethane (DCM)/methanol (MeOH) ratio. Powder X-ray diffraction analysis (PXRD) showed that all the samples with the lowest API/excipient ratio (1:4) were amorphous, while others were crystalline. Moreover, differential scanning calorimetry (DSC) analysis was employed to investigate ASD formulation more in-depth. The glass transition temperatures (Tg) of all ASDs were in the range 70-79°C, while crystalline formulations displayed an endothermic peak of melting of crystalline ibuprofen in the range of 50-80°C. The high Tg of ASDs was an indication of highly stable ASD formulations as verified via PXRD at zero day and afterward at 1, 1.5, 3 and 6month intervals. The intermolecular interactions between ibuprofen molecule and excipients were studied by Fourier transform infrared spectroscopy (FTIR) and solid-state nuclear magnetic resonance (ssNMR) spectroscopy. FTIR and Carbon-13 ssNMR analysis indicated that hydrogen bond formation involving the carboxyl group in ibuprofen within the ASDs is likely. More importantly, the solubility of ibuprofen in ASD formulations is improved compared to pure ibuprofen. This was due to both the amorphous structure of ibuprofen and of the existence of amphiphilic excipient, Kollidon VA 64, in the formulation.